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不能将 Pd(II)离子 100%吸附，其中溶液的 pH值对 Pd(II)离子吸附影响最大，在
pH 值为 2时吸附效果最好；在 30℃下，4.0 g/L 的菌体溶液对 1 mM Pd(II)溶液























其次，通过 HRTEM 和切片 TEM 表征可知，在电子供体 H2的存在下，利
用湿的菌体可以一步法制备出在其表面分散均匀的 AuPd 合金纳米材料。尤其
在 30℃条件下，将 Au 和 Pd的前驱体按摩尔比为 1:2加入 0.9%（w/v）的 NaCl
溶液，经过湿菌体预吸附两金属离子 15 min，成功制备得到了花朵状的 AuPd
合金纳米材料。通过 EDX、XPS 和 AAS 分析可知，在 AuPd 合金纳米材料的体




AuPd 合金纳米花。通过 HAADF-STEM、EDX、XRD、AAS 和 XPS 等表征，
可以得出以下结论：1） Au 和 Pd两种元素均匀分布于纳米花结构中；2） 合金
纳米花中 Pd 和 Au 摩尔比略低于加入的最初比；3） 不同的 Pd/Au 摩尔比下，
Au 和 Pd 的表层电子结合能不同，且得到的 AuPd 合金纳米材料表现为表面钯
富集的结构；4） 随着 Pd 元素比例的增加，纳米花的花梗直径逐渐增大，而花
朵的直径逐渐减小，说明 Pd 元素对纳米线的形成起了关键作用。将该材料应用
于 1, 3-丁二烯选择性加氢反应，结果表明，不同比例的 AuPd/毕赤酵母菌催化
剂，对 1, 3-丁二烯选择性加氢反应表现不同的催化活性，经过催化反应条件优
化后，反应的选择性和转化率分别可以达到 92.6%和 98.4%，同时催化剂在 25 
h以内能保持稳定的催化活性。 
最后，通过侧柏叶提取液可以制备较高催化活性的 2-乙基蒽醌加氢反应的
Pd/γ-Al2O3催化剂。当 Pd 的负载量为 0.5 wt.%，反应温度为 40℃，氢化时间为
1.5 h，工作液体积为 10 mL，氢化流速为 30 mL/min 时，能得到 85.6%的双氧
水收率。若进一步对载体进行 HCl、NaOH、Na2CO3 和 Na2SiO3 溶液处理，能




















The method of synthesis of nanomaterials by green and environmental-friendly 
plant or microbial reduction has been very popular. As for as plant reduciton, the 
advantages of this method are their easy acquisition of plant sources, simple and 
convenient operation. For microbial reduction, metal ions can be adsorbed and 
immobilized by the functional groups on the surface of the microorganism. what’s 
more, structural diversity and molecules’ complexity make microorganism as a valid 
template to synthesize or assemble novel nanostructured materials. Therefore, the 
biological reduction has become an important research direction on synthesis of 
nanomaterials. In this study, it contained two parts of contents, one was microbial 
reduction and the other was plant reduction. For microbial reduction, one kind of 
relatively high yield of cultivation of eukaryotes-Pichia pastoris (P. Pastoris) GS115 
was studied as biosorptive and bioreductive material to synthesize Pd-based 
nanomaterials. One part of work aimed at studying the biosorptive and bioreductive 
conditions of Pd(II) ions by functional groups of microbial surface under untreated 
and pretreated conditions. These as-prepared supported Pd/yeast catalysts were then 
compared against the catalytic activities. Some works were about AuPd nanomaterials 
synthesized by dry or fresh cultivated (wet) yeast in the presence of electron donor H2, 
surfactant or a mild reductant, then to explore their catalytic properties. 
Characterization techniques were employed to confirm the size, morphology and 
structure of the nanomaterials. For plant reduction, Cacumen Platycladi (C. 
Platycladi) extract was chosen as biological reducing agent to prepare Pd/γ-Al2O3 
catalysts. Then the catalytic activities for anthraquinone hydrogenation were studied. 
The detailed contents and conclusions have been listed as following: 
Firstly, the biosorptive conditions for Pd(II) ions were investigated, including the 
yeast concentration (Cyeast), adsorptive temperature (T) and pH value. The results 
indicated that Pd(II) ions can not be adsorbed completely by dried P. Pastoris. pH 
value had a significant effect on the adsorptive rate and the optimuim pH value was 
approximate 2. When the concertration of Pd(II) was 1 mM, T=30℃, Cyeast=4.0 g/L 
and pH=2, the highest adsorptive rate for Pd(II) ions was 68.0±6.9%. When 
concentrations of Pd(II) were ranged from 21.2 g/L to 371 g/L, the maximum 
adsorptive capacity can reach up to 34.88 mg Pd per gram of dry cells. Then the 















properties of Pd nanoparticle (NP)/P. pastoris catalysts were further studied. 
Interestingly, the results showed that the adsorptive abilities of the yeast for Pd(II) 
ions were greatly enhanced after they were pretreated with aqueous HCl, aqueous 
NaOH and methylation of amino group. The adsorptive rates were close to 100%. For 
the reduction of Pd(II) ions, slower reduction rates by pretreated P. pastoris cells were 
displayed compared with the cells without pretreatment. Using the reduction of 4-
nitrophenol as a model reaction, the Pd NP/P. pastoris catalysts based on the cells 
after pretreatment exhibited higher stability than the unpretreated cells. The enhanced 
stability of the Pd catalysts can be attributed to smaller Pd NPs, better dispersion of 
the Pd NPs, and stronger binding forces of the pretreated P. pastoris for preparing the 
Pd NPs. 
Secondly, bimetallic AuPd NP/P. pastoris composites were successfully 
fabricated through a one-pot microbial reduction of aqueous HAuCl4 and PdCl2 in the 
presence of H2 as electron donor. Interestingly, flower-like alloy AuPd NP/P. pastoris 
composites were obtained under the following conditions: 0.9 % (w/v) NaCl 
concentration, 1:2 mole ratio of Au/Pd  and 15 min for pre-adsorption of Au(III) and 
Pd(II) ions, through fresh yeast reduction. Furthermore, EDX, XPS and AAS 
measurements showed that the compositions of the bimetallic NPs were consistent 
with the feeding mole ratio of the precursors.  
Thirdly, with the introduction of a surfactant, cetyltrimethylammonium chloride 
(CTAC) and a mild reducing agent, ascorbic acid (AA), closely packed and exotic 
AuPd bimetallic nanoflowers (NFs) were facilely synthesized in yeast aqueous 
solution at room temperature, i.e. the quaternary system of 
yeast/CTAC/AA/Au(III)Pd(II). The NFs consist of one-dimensional long pedicels and 
three-dimensional open horns. According to HAADF-STEM, EDX, XRD, AAS and 
XPS techniques, we can conclude that 1) Au and Pd elements distributed 
homogeneously in the NF structures; 2) the actual Pd/Au molar ratios were slightly 
lower than the theoretical ratio; 3) The surface electron binding energies of Au shifted 
gradually to lower energies as the Pd content increases, while the binding energies of 
Pd shifted gradually to higher energies. And all the obtained materials were alloys 
with Pd-enriched surfaces; 4) The diameters of horns decreased while those of 
pedicels increased with higher feeding concentration of Pd precursor. The presence of 
Pd precursor was vital for the formation of the nanowire part in the NF structure. In 















selective hydrogenation of 1, 3-butadiene. After optimizing the reaction conditions, 
the selectivity and conversion could reach up to 92.6% and 98.4%, respectively. 
Furthermore, the stability of the AuPd (1:1) NF catalysts was also evaluated with no 
loss in conversion or selectivity.  
Finally, Pd/γ-Al2O3 catalysts efficient for the liquid-phase hydrogenation of 2-
ethyl-9, 10-anthraquinone were prepared using C. Platycladi extract. Based on the 
catalyst with the Pd loading of 0.5 wt.%, H2O2 yield of 85.6% could be achieved at 
the optimum reaction conditions (H2 flow rate 30 mL/min, working solution volume 
10 mL, hydrogenation time 1.5 h and reaction temperature 40℃). Additionally, the 
catalysts showed much better catalytic activities after pretreatment of the support by 
HCl, NaOH, Na2CO3 and Na2SiO3 solutions. Particularly, after γ-Al2O3 was pretreated 
with Na2SiO3 solution, the H2O2 yield could reach highest value, i.e. 96.4% and the 
catalysts exhibited excellent durability after 8-run reuse. Furthermore, the Pd NPs 
thereof did not aggregate and less loss of Pd were observed after reuse.  
 
Key Words: Biological reduction; Biosorption; Palladium-based nanoparticles; 
































低于 400 ◦C 下，AgPt 和 AuPt 双金属分别在各自组分比例为 Ag2Pt98和 Ag95Pt5、








观状态下块体贵金属的材料低。如 Rong 等制备的尺寸为 40 nm 的银纳米颗粒熔
















贵金属 Pt 是一种过渡金属元素，其 5d 电子轨道未填满电子。对于块体 Pt，
没有显示任何的表面磁性，因为 Pt 的 5d 电子带太宽，难以诱导自旋极化[5]。但
是有实验测得单质纳米 Pt 具有磁性[6, 7]，且 Pt 的合金磁性材料表现出更高的磁
各向异性、更好的磁化率和矫顽力，如 PtCo[8, 9]、PtFe[10, 11]纳米材料，这些材料
可以作为磁存储介质。不仅 Pt 与铁、钴等铁磁性金属形成的合金纳米粒子具有










surface plasma resonance, SPR）现象。SPR是由于纳米颗粒表面的等离子波（如











簇或颗粒能有效地将 CO 催化氧化为 CO2
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